Microcrystalline vaterite, CaCO3, has been synthesized by decomposition of ikaite, CaCO3.6H20, crystals at room temperature. Scanning electron micrographs show that vaterite occurs as arborescent aggregates -30 to 40 txm in size. This growth form has not been described before. It is of interest that the overall morphology of the vaterite is reminiscent of some dendritic calcite tufas, although on a smaller scale. This similarity opens up the possibility that the calcitic tufas such as that associated with the Quaternary Lake Lahonton, Nevada, may have been deposited as vaterite that changed to calcite, while preserving the original growth form.
Introduction
Vaterite, one of the three polymorphs of calcium carbonate, was first reported by Mayer & Weineck (1932) to occur in the repair tissues of shells of certain gastropods. Since then it has been identified in gallstones by Phemister, Aounsohn & Pepensky (1939) and Rodgers (1983) and as a natural alteration product in hydrogel pseudomorphs from larnite, Ca2SiO4, by McConnell (1960) . Previously vaterite had been synthesized in the laboratory by Gibson, Wyckoff & Merwin (1925) . Several methods of synthesis and various somatoid morphologies of vaterite as a function of precipitation conditions are described by Meyer (1969) .
In the present paper, synthesis of vaterite by decomposition of ikaite, CaCO3.6H20, at room temperature is reported. The purpose of the experiment was to grow crystals of ikaite at a temperature close to 273 K, allow them to decompose to calcium carbonate and water at normal laboratory temperatures and see whether the ikaite crystals would become pseudomorphed into calcite. The reason for doing this was to gather supporting evidence for the current suggestion that ikaite was the precursor mineral of the calcite pseudomorphs known as jarrowites, thinolites, glendonites and gennoishi etc. (Shearman & Smith, 1985) . The ikaite crystals did become pseudomorphed into calcium carbonate, but the 0021-8898/90/040263-03503.00 XRD analysis showed the carbonate to be dominantly vaterite with a very small proportion of calcite.
Experimental procedure
Crystals of ikaite were grown in the laboratory using a method similar to that employed by Brooks, Clark & Thurston (1950) and Dickens & Brown (1970) . A calcium carbonate gel was formed by adding a solution of calcium chloride to one containing sodium carbonate and sodium hexametaphosphate. The sodium hexametaphosphate was added as an inhibitor to prevent crystallization of calcite. The gel was kept in a household refrigerator at 276 to 278 K. After about a week the gel disappeared, and tiny spherulites believed to be calcium carbonate monohydrate formed in its place. The sample was left undisturbed in the refrigerator for about four months, by which time the spherulites had altered to small (-3 mm long) colourless transparent crystals of calcium carbonate hexahydrate, i.e. ikaite. The crystals showed monoclinic symmetry which was also verified from the optical properties.
Samples of ikaite crystals were removed from their mother liquor, dried on filter paper, mounted more or less dry on a glass slide and allowed to decompose in contact with the atmosphere. The changes which occurred were monitored using a stereoscopic microscope. The details of the experiment and process of pseudomorph formation is reported elsewhere (Shaikh & Shearman, 1987) . In summary, two crystal habits of ikaite grew in the course of experiments and both became pseudomorphed to calcium carbonate when brought to room temperature ( Figs. 1 and  2 ). The calcium carbonate thus obtained was analysed by X-ray diffraction, which showed that all the synthetic pseudomorphs consisted dominantly of vaterite with only a minor proportion of calcite. The calcium carbonate was also examined using a scanning electron microscope (SEM). The SE micrographs showed that the microcrystalline vaterite aggregates occurred in an unusual growth form, as arborescent aggregates -30 to 40 Ixm in size (Fig. 3) .
NEW CRYSTAL GROWTH FORM OF VATERITE

Discussion
Vaterite is an extremely rare mineral in sedimentary rocks compared to the other polymorphs calcite and aragonite, a fact which is not surprising in view of its poor stability. It remains unchanged for long periods when dry and slowly changes into calcite in moist conditions, especially on heating (Lucas, 1947) . Both calcite and vaterite has hexagonal symmetry. The structure is made of alternate layers of Ca ions and CO3 groups. The plane of the CO3 groups in calcite is perpendicular to the c axis, where it is parallel in vaterite. Therefore, vaterite has a rather loosely packed structure compared to calcite (d~ = 2-710, d~at = 2.653 g cm-~) which is in accordance with the poor stability of vaterite.
In nature, the pseudomorphs after ikaite are usually preserved in calcite; but the experiments have shown that laboratory-grown crystals can become pseudomorphosed into calcium carbonate as the polymorph vaterite. The change from ikaite to vaterite and not to calcite in the experiments may have been due to the sodium hexametaphosphate added to the original solutions to block crystallization of calcite as a prerequisite for formation of ikaite. Its continued presence, albeit as a trace in the ikaite crystals, may serve to inhibit crystallization of calcite when the ikaite decomposed. Thus both crystallization of ikaite and formation of vaterite requires suppression of calcite. An analogous problem arises in temperate and warm marine waters where aragonite crystallizes in sediments as a metastable mineral phase instead of stable calcite. Lippmann (1973) attributed this to the effect of the magnesium ions in the sea water. The same argument can perhaps be applied in the case of crystallization of ikaite and later vaterite. But the possible role of organic substances as inhibitors should not be discounted.
What is of interest is that the overall shape of the new growth form of vaterite synthesized in the laboratory is reminiscent of some of the pseudomorphs present in calcitic tufas of the Quaternary Lakes of the Lahontan Basin, Nevada and in Mono Lake, California. The morphological similarity opens up the possibility that these calcite tufas may have been deposited as vaterite that later changed to calcite but preserved their original growth form. This work was carried out on a Kuwait University Research Council grant no. SDG109. Fig. 3 . SEM of vaterite aggregate showing arborescent crystal growth form.
